Theory
The equation of radiative transfer in a plane parallel medium without internal sources and inelastic scattering effects is given by 
Equation ( We will now look at the equations for the vertically upwelling radiance (or nadir radiance with 0 = •r; 0 is measured from the zenith direction). In that case the angle between the unscattered downwelling ray and the upwelling nadir radiance is 180 ø minus the zenith angle of the incoming ray. /3(0, 
Equation (10) is also exact, as it simply is a restatement of the equation of radiative transfer for nadir radiance. This expression was obtained previously by Zaneveld [1982] using a different derivation. The expression contains three parameters that depend on the submarine light field, k(jr, z), lb(jr, z), and fL (jr, z). If the expression is to be useful for experimental work, these parameters need to approximated in terms of measurable inherent optical properties.
Approximations
Of the various parameters that occur in (11), fb (rr, z) is the most critical, as the RSR is directly proportional to it. Zaneveld [1982] showed that fo(jr, z) ranged from approximately 0.8 to 1.3. The parameter obviously depends on the shape of the volume-scattering function (VSF) in the backward direction and the shape of the downward radiance distribution. Radiance distributions such as shown by Jerlov [1976] nearly always show a well-defined maximum. Near the surface this normally occurs at the angle of the refracted solar disk. The cosine of this angle is also very close to the average cosine of the light field, as it dominates the radiance. The angle at which this maximum occurs changes only slowly with depth. At any depth that contributes significantly to remotely detectable radiance we can then argue that most of the light that eventually travels in the nadir direction is a result of light that is backscattered from the radiance maximum or its immediate neighborhood. A more or less linear slope of the scattering function results in light to one side of the maximum being scattered more than light on the other side, but the amounts nearly cancel. We thus assume that for most remote sensing viewing situations the incident light is dominated by light with a well-defined zenith angle Ore. (If the volume scattering function is known, the shape parameters for a diffuse sky can be calculated from (3) and (4)). Near the surface in relatively clear waters this angle will be the solar zenith angle. We thus hypothesize that most of the nadir radiance can be reasonably modeled as being derived from single scattering of light near the maximum radiance. This light scatters through an angle of Jr -Ore, as the incoming ray has a zenith angle of Om and the scattered ray has a zenith angle of Jr. We can thus approximate the expression forfo(rr, z) as follows: 
Equation (14) entirely removes the unmeasurable fo(z) factor but requires us to know the shape of the volume scattering function in the backward direction and the zenith angle of the maximum radiance. The attenuation coefficient for the upwelling radiance k(rr, z) can be measured directly using the vertical structure of the upwelling radiance, which is now measured routinely. For inversion it is necessary to describe this parameter in terms of the IOP, so that eventually it can be related to particulate properties. We do not know of a study that directly relates k(rr, z) to the IOP. Aas [1987] describes relationships between the absorption coefficient, the ratio of the upwelling and downwelling diffuse attenuation coefficients K,/Kd, and the ratio of the average cosines of the upwelling and downwelling radiance fields •,/ 
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We thus have a family of expressions for the remotely sensed reflectance that can be used, depending on the accuracy desired. In descending order of accuracy, with the first two having no approximations at all, these are equation ( desirable to develop models that contain the shape of explicitly and that can be inverted to give that shape. Equation (13) proposes that the upwelled radiance used in remote sensing (i.e., upwelling light that is within the critical angle of the vertical) can be modeled as being due to single scattering from light at the maximum of the radiance distribution. Morel and Gentili [1993] showed that the number of scattering events undergone by upwelling photons is approximately equal to c/a. The above assumption is thus a priori correct if this c/a ratio remains sufficiently low. For higher c/a ratios it should be noted that while one of the scattering events has to be a large angle one, the other scattering events are likely to be small angle ones due to the sharp peak in the volume scattering function in the near-forward direction and hence the high probability of forward scattering events compared to backscattering ones. These small angle scattering events will only slowly diffuse the /30(0) shape of the upwelling radiance. This was pointed out already by Morel and Gentili [1993] . The radiance distribution within the critical angle will stay closer in shape to tl0(0) than those outside, as surface reflections do not affect it. As c/a increases, we no longer expect the peak of the radiance distribution to remain at the refracted image of the sun. By using the maximum radiance rather than the refracted solar zenith angle, the assumption of (13) 
Error Analysis
The choice of which approximation to use depends on the application and the optical properties of the water. The most sensitive potential error comes from (13), as f0 is directly proportional to the RSR. As stated above, (13) was tested extensively [Stavn and Zaneveld, 1994; Weidemann et al., this issue]. It was found that for many different scattering functions and lighting conditions the average error was around 5% and the maximum error was 12%.
The approximation suggested here for k(rr, z) (equation (15)) is difficult to assess, as we know of no Monte Carlo model studies in which this parameter has been studied directly. Results from a study in Lake Pend Oreille, in which an extensive suite of IOP was measured in conjunction with the vertical structure of the nadir radiance, suggest that the approximation shown here is at least as accurate as our ability to measure k(rr, z) in the field. Using some of the above arguments, it can be seen when one can or cannot ignore certain terms. For high ratios of b/a as well as for high ratios of bo/a it is necessary to use (21), but for almost all oceanic cases the simpler (23) can be used with an estimated overall average error of less than 10%. This exceeds the accuracy with which the reflectance can be measured experimentally at present, so that there is little justification in using more complex formulas.
The Q Question
The ratio of the upwelling irradiance to the upwelling nadir radiance just below the sea surface is defined as Q, thus Ell Q --. Once again, we have increased the complexity of the ratio. In addition to the average cosine of the light field, we must now also know Q, an indicator of the shape of the upwelling light field. It is interesting to note that, historically, the progression has been in the opposite direction. First, the irradiance ratio was used, primarily for experimental reasons. Then, the radiance-irradiance ratio was used as satellite remote sensing matured. It is hoped that the next experimental phase will see the use of radiance-scalar irra- distribution is also present via the shape factors fo and foe. The upwelling radiance distribution is present in fL. Here fL has a relatively weak influence on f, however, whereas f is directly proportional to Q.
